Clinical observations showed a correlation between accelerated atherosclerosis in diabetes and high plasmatic level of IL-18, a pro-inflammatory cytokine. IL-18 enhances the production of inflammatory cytokines and cellular adhesion molecules contributing to atherosclerotic plaque formation and instability. Previous studies indicated that protein kinase C (PKC)-b inhibition prevented macrophage-induced cytokine expression involved in diabetic (DM) atherosclerotic plaque development. However, the role of PKC-b activation on IL-18/IL-18-binding protein (IL-18BP) pathway causing endothelial dysfunction and monocyte adhesion in diabetes has never been explored.
Introduction
The main long-term complications from diabetes are vascular diseases, which are in turn the main causes of morbidity and mortality in diabetic (DM) patients. Several potential links between diabetes and atherosclerosis have been identified and many clinical observations point to a correlation between risk of vascular complications in diabetes and poor glycaemic control. 1 The pathogenesis of accelerated atherosclerosis in diabetes is multifactorial and involves interactions between abnormalities of apoprotein and lipoprotein particle distribution, hyperinsulinaemia, alterations in growth factor expression, and cytokine production. Moreover, a large body of evidence suggests that the inflammatory process plays a major role throughout the development of the atherosclerotic lesion, disruption, and thrombosis. 2 Multiple theories have been proposed to explain the mechanism by which abnormal metabolites of glucose and lipids cause acceleration of atherosclerosis in diabetes. 3 One of them is the activation of protein kinase C (PKC), specifically the b isoform. PKC activation is involved in monocytes, smooth muscle, and endothelial cell (EC) dysfunction affecting cellular activity and signalling pathways. 4 Monocyte stimulation is critically dependent on PKC activation whether it is induced by cytokines or lipopolysaccharides. 5 In particular, during the process of atherosclerotic plaque formation, the expression of Mac-1 and inflammatory cytokines have been shown to be regulated by PKC activation. 5 Moreover, PKC activity promotes the binding of monocytes to EC, its transmigration into the arterial wall, and the release of multiple cytokines. 6 These cytokines include tumour nuclear factor (TNF)-a, IFN-g, macrophage colony stimulating factor, and multiple ILs. 7, 8 For EC, PKC activation increased the expression of adhesion molecules, such as selectins, intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), IL-6, IL-1, and the activation of nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, and superoxide production. 9, 10 Schmidt and Yan's group previously published supportive data on the potential role of PKC-b in atherosclerotic plaque formation. Depletion of PKC-b gene or treatment with ruboxistaurin (RBX; LY333531) in apolipoprotein E (apoE)-deficient mice decreased atherosclerosis by inhibiting the early growth response (Egr)-1 protein, which regulated VCAM expression and MMP-2 activity preferentially in EC. 11 More recently, the same group reported that inhibition of PKC-b reduced CD11c, chemokine (C-C motif) ligand 2, and IL-1b in macrophages induced by high glucose (HG) levels and diabetes. 12 However, giving multiple evidences that activation of PKC-b in diabetes mainly affects EC, it is necessary to explore the potential role of PKC-b on cytokine regulation causing EC dysfunction in diabetes. IL-18, originally described as an IFN-g-inducing factor, is a member of the IL-1 family of cytokines and is known to contribute to the pathogenesis of chronic immunoinflammatory process. 13 IL-18 is produced constitutively in many different cell types, including macrophages, vascular smooth muscle cells, and adipocytes. 14, 15 One of the main actions of IL-18 is to enhance the production of cytokines and cellular adhesion molecules that promote atherosclerotic plaque formation and instability. 16 IL-18 activity has been shown to be associated with obesity, insulin resistance, and dyslipidaemia. 17 Furthermore, circulating levels of IL-18 have been reported to be elevated in patients with type 2 diabetes mellitus in cross-sectional studies. 18, 19 As a negative feedback mechanism in response to elevated IL-18 production, IL-18 has a decoy receptor/inhibitor called IL-18-binding protein (IL-18BP), which is produced and associated with IL-18 to provide protection from tissue damage due to uncontrolled pro-inflammatory activity of IL-18. 20 In two prospective cohorts, increased levels of IL-18 have been shown to predict the development of type 2 diabetes. 21, 22 Interestingly, a study demonstrated that electrotransfer of a plasmid DNA encoding for the murine IL-18BP prevented fatty streak development in the thoracic aorta of apoE-deficient mice and slowed the progression of advanced atherosclerotic plaques in the aortic sinus. 23 These results
suggest that the regulation of IL-18/IL-18BP pathway is involved in atherosclerosis. However, much less studied is the role of PKC-b activation on the IL-18/IL-18BP pathway in accelerated atherosclerosis in diabetes.
In the present study, we propose a new pathway by which PKC-b causes EC dysfunction and monocyte adhesion to the arterial wall, and contributes to atherosclerosis. We showed that the combination of hyperglycaemia and palmitate, a free fatty acid (FFA), increased the expression of IL-18 in macrophages/monocytes while reduced the expression of IL-18BP in EC participating at least in part to elevated VCAM-1 cell surface expression, monocyte adhesion, and atherosclerosis. Treatment with PKC-b inhibitor and siRNA restored IL-18BP expression and prevented VCAM-1 expression, monocyte adhesion, and atherosclerosis in diabetes.
Methods
Antibodies, reagents, lipid profile, serum levels of IL-18, cholesteryl ester content, palmitate preparation, membrane fraction isolation, siRNA transfection, quantitative PCR (qPCR), and immunoblot analyses were performed as described in Supplementary material online. 
Experimental model and design

Atherosclerotic quantitation in the aorta
The whole aorta, from just distal to the aortic sinus to the iliac bifurcation, was stained for 1 h in a filtered solution containing 0.7% Oil Red O and propylene glycol, and counterstained for 1 min in 0.05% fast green. The stained aortas were placed on a glass slide and coverslipped, then photographed (QColor3 Color FireWire 3.3 MP Digital Camera, Olympus) under polarized light through a dissection microscope on a black surface. Two exposures covering the length of the aorta were merged in the imaging software (Adobe PhotoShop version CS6) and red pixels selected using an identical colour tone for all aortas. Lesion area was measured using the Threshold Adjust and Analyze Particles commands in ImageJ (NIH), and expressed as a fraction of the total surface area of the aorta.
Histology and IF
The aortic root was embedded in optimum cutting temperature medium and 6 mm cross-sections separated by 200 mm were placed on slides. Samples were blocked with 10% goat serum for 1 h and were exposed to primary antibodies (Mac-2-FITC, 1 : 50 and a-smooth muscle actin, 1 : 100) overnight. For detection of a-smooth muscle actin, an incubation of 1 h with a secondary antibody donkey antirabbit -FITC (1 : 500) was performed. A second set of samples were stained with Masson's trichrome according to the textbook protocol. Images were acquired with a Hamamatsu ORCA-ER digital camera attached to a Nikon Eclipse TE-2000 inverted microscope (Nikon Canada, Mississanga, Canada) equipped for epi-illumination. Analysis of images was made using the Adobe Photoshop CS6 software.
Cell culture and treatments
Bovine aortic endothelial cells (BAECs) were isolated from fresh harvested aortas that were obtained from a local abattoir. 
Cell surface expression of adhesion molecules
VCAM-1 and ICAM-1 expression on BAEC monolayers were evaluated using a cell surface ELISA. Briefly, BAECs were seeded in 96-well plates. At confluence, BAECs were exposed in NG or HG in the presence or absence of palmitate (100 mmol/L) for 24 h at 378C. In parallel, macrophages were exposed to NG, HG, and palmitate (100 mmol/L) for 24 h and the media was collected. The BAECs were exposed to either bovine rIL-18 or collected supernatants of stimulated macrophages for the last 6 h of the 24 h exposure. Neutralizing IL-18 antibody (10 ng/mL) was added in macrophages supernatant for 30 min prior exposing EC. Then, cells were fixed with 1% paraformaldehyde, washed with PBS, and then incubated with primary anti-ICAM-1 or anti-VCAM-1 antibody in PBS containing 1% BSA for 1 h at room temperature. Negative controls included omission of primary mAb. Cells were washed three times and incubated with peroxidase-conjugated goat anti-rat IgG Fab and anti-mouse IgG at 1/2000 in PBS with 1% BSA for 1 h at 48C. Cells were washed and incubated with substrate 1.0 mg/mL of o-phenylenediamine dihydrochloride in a buffer containing citric acid (0.05 mol/L), sodium phosphate (0.05 mol/L), pH 4, and 1 mL of 30% hydrogen peroxide per 1 mL of substrate. After 10 min, 20% (v/v) of concentrated sulfuric acid was added to stop the reaction. The absorbance in the supernatant was read at 492 nm on a TECAN infinite M200 ELISA reader and normalized by the number of cells in each well counted using crystal violet solution. This procedure involved gentle washing of the plate with PBS. Then, crystal violet solution (0.1% in water, filtered) was then added to each well (50 mL/well) and incubated for 5 min at room temperature. The cells were then washed at least three times with water and dried at room temperature. Dye was released from the cells with 100 mL/well acetic acid (33% in water) at room temperature for 30 min. The absorbance in the lysates was read at 595 nm.
Static adhesion assay
Adhesion assays were performed as described elsewhere. 25 Briefly, confluent BAEC and HAEC on 48-well plates were treated with NG or HG in the presence of palmitate (100 mmol/L) and RBX (20 nmol/L) for 24 h at 378C. Recombinant IL-18 and/or neutralizing mAb were added during the last 6 h of treatment. After treatment, cells were gently washed and exposed to a suspension of unstimulated THP-1 (2 × 10 5 cells/well) for another 6 h. Non-adherent THP-1 cells were removed by washing three times with PBS, and adherent cells were counted in a masked manner by digital photographs using an inverted phase-contrast microscope.
Statistical analysis
The data were shown as mean + SEM for each group. Statistical analysis was performed by one-way analysis of variance (ANOVA) followed by Tukey's test correction for multiple comparisons. All results were considered statistically significant at P , 0.05.
Results
3.1 RBX treatment reduced DM atherosclerosis in DM Apoe 2/2 mice A previous study has shown that PKC-b induced monocyte activation which contributed to atherosclerotic development in DM mice. 12 To identify new mechanisms of PKC-b activation involved in endothelial dysfunction and accelerated atherosclerosis in diabetes, apoE-deficient mice were fed with HF diet for 20 weeks and treated with a selective inhibitor of PKC-b, RBX. Atherosclerotic plaque deposition was evaluated with Oil Red O staining to visualize atherosclerotic plaques in en face preparation. As shown in Figure 1A , atherosclerotic plaque surface was significantly increased by 3.8-fold in DM mice when compared with NDM counterparts (P , 0.0001). Treatment with RBX reduced the mean atherosclerotic lesion area by 36% in DM Apoe 2/2 mice compared with untreated diabetic Apoe 2/2 mice (P ¼ 0.0011).
PKC-b inhibitor did not affect lipid profile in DM Apoe 2/2 mice
The atherosclerotic plaque formation in Apoe 2/2 mice is driven by excess of lipids. To uncover potential mechanism by which inhibition of PKC-b reduced atherosclerosis, total cholesterol and triglyceride levels were measured. The total cholesterol (see Supplementary material online, Figure S1A ) and triglycerides (see Supplementary material online, Figure S1B ) levels were significantly elevated in DM vs. NDM Apoe 2/2 mice (P ¼ 0.0213 and 0.0488, respectively). In contrast, we did not observe any change with RBX treatment, indicating that triglyceride and total cholesterol concentrations were not affected by the PKC-b inhibitor. Lipid profile was assessed in each group of mice. Although diabetes increased low-density lipoprotein (LDL) content, lipid profile did not change with RBX treatment, suggesting that the PKC-b inhibitor effect on atherosclerosis is not caused by the decrease in LDL content (see Supplementary material online, Figure S1C ).
PKC-b inhibitor decreased macrophage infiltration and plaque complexity
It is well known that most of the cholesterol that accumulates in the arterial plaques is in ester form. Moreover, this cholesterol is derived from infiltrated plasma lipoproteins by cells of the developing plaque, such as macrophages. 26 Thus, atherosclerotic lesions were assessed in all groups of mice by quantitatively extracting lipids from the brachiocephalic artery (BCA) with chloroform/methanol. In Figure 1B , cholesteryl ester content in the BCA was more than two-fold higher in DM compared with NDM Apoe 2/2 mice (17.68 + 3.01 vs. 54.20 + 10.87 mg/dL, respectively, P ¼ 0.0006). In accordance with the surface area of the plaque, cholesteryl ester levels were reduced by RBX treatment in DM Apoe 2/2 mice compared with non-treated diabetic Apoe 2/2 mice (54.20 + 10.87 and 23.37 + 6.65 mg/dL, respectively, P ¼ 0.0076).
Cross-sections of the aortic root were used to analyse the complexity of the plaque. We evaluated macrophage infiltration, the presence of smooth muscle cells in the fibrous cap and the presence of necrotic cores within the atherosclerotic plaque, all important markers of advanced atherosclerosis development. Using a macrophage marker (anti-Mac-2 antibody), we showed that the area occupied by macrophages was higher in DM compared with NDM Apoe 2/2 mice ( Figure 1C) .
Notably, the presence of macrophages was reduced in DM Apoe
mice treated with the PKC-b inhibitor. The presence of both smooth muscle cells and necrotic core (black arrows) within the plaque was increased in DM Apoe 2/2 mice which was prevented with RBX treatment ( Figure 1C ). These data indicate that DM Apoe 2/2 mice exhibited more atherosclerotic lesion complexity and RBX treatment diminished advanced atherosclerotic plaque formation in DM Apoe 2/2 mice.
3.4 DM Apoe 2/2 mice treated with RBX exhibited decreased IL-18BP, but not IL-18, expression in the aorta IL-18 is a pro-inflammatory and pro-atherogenic cytokine which strongly promotes macrophage infiltration. On the other hand, the IL-18 endogenous inhibitor, IL-18BP, has been shown to exert antiatherogenic actions. 27 However, little is known about the IL-18/ IL-18BP regulation pathway in DM conditions. We measured serum and mRNA expression of IL-18 in all four groups of mice. We observed a significant increase of both plasmatic ( Figure 2A ) and mRNA levels ( Figure 2B ) of IL-18 in DM vs. NDM Apoe 2/2 mice (P ¼ 0.0321 and 0.0299, respectively). However, RBX treatment did not affect IL-18 mRNA expression in DM mice. Interestingly, IL-18BP mRNA expression was significantly decreased by 57% in DM Apoe 2/2 mouse aorta compared with its NDM counterpart (P ¼ 0.0279, Figure 2C ). RBX treatment restored IL-18BP expression in DM Apoe 2/2 mice (P ¼ 0.0262; Figure 2C ), showing that PKC-b activation is responsible for the downregulation of IL-18BP expression in DM aorta. We did not observe any significant change in expression of IL-18 receptor (data not shown).
3.5 HG and palmitate levels are necessary to induce IL-18 protein expression and secretion in macrophages IL-18 is mainly produced by activated macrophages. 16 Thus, macrophages were treated with HG in the presence of palmitate (300 mmol/L) for 24 h. IL-18 mRNA expression was significantly increased with HG alone or in combination with palmitate compared with NG conditions ( Figure 3A) . Immunoblot analysis confirmed elevated IL-18 protein expression in macrophages exposed to HG alone or in the presence of palmitate ( Figure 3B ). To asses if increased expression of IL-18 corroborated with its secretion, IL-18 levels were measured in the macrophage culture media. Interestingly, secreted IL-18 levels were significantly elevated by 37% in the media of macrophages exposed to HG + palmitate combination (P ¼ 0.0254; Figure 3C ). However, IL-18 mRNA expression did not change with RBX treatment in HG and palmitate conditions, suggesting that PKC-b did not modulate IL-18 production in macrophages ( Figure 3D ).
The combination of HG and FFA conditions is required for PKC-b-induced reduction of IL-18BP expression in EC
Since HG + palmitate exposure increased IL-18 production and secretion in macrophages, it may influence EC function. First, we assessed the expression of IL-18 in BAEC in the HG condition in the presence of palmitate. Treatment with HG and/or palmitate did not affect IL-18 or IL-18 receptor expression (data not shown). While no change was observed in HG or palmitate alone, the combination of HG + palmitate decreased mRNA ( Figure 4A ; P ¼ 0.0112) and protein ( Figure 4B ; P , 0.0001) expression of IL-18BP in BAEC and HAEC (see Supplementary material online, Figure S2 ). Recombinant IL-18 stimulation did not influence the expression of IL-18BP in either NG or HG + palmitate ( Figure 4A) . Translocation of PKC isoform to the membrane fraction is an indication of its activity. As expected, exposing EC to HG + palmitate increased the translocation to the membrane of PKC-b isoform (see Supplementary material online, Figure S3 ). Since our in vivo data suggested that the reduction of IL-18BP in DM Apoe 2/2 mice fed with HF diet is regulated by PKC-b, we treated BAEC with RBX during HG and palmitate exposure. As shown in Figure 4C and D, treatment with RBX prevented the loss of IL18BP mRNA and protein expression in EC exposed to the HG + palmitate condition. Moreover, the diminution of IL-18BP in the HG + palmitate condition is prevented by PKC-b siRNA ( Figure 4E ). These data suggest that PKC-b activation induced by HG and palmitate exposure is required for the reduction of IL-18BP expression in EC.
Reduced IL-18BP expression is associated with increased VCAM-1 expression in EC
IL-18 can regulate the expression of adhesion molecules on EC. 28 Therefore, we performed ELISA to evaluate if PKC-b activation increased the cell surface expression of VCAM-1 and ICAM-1, two well-known adhesion molecules to be involved in EC dysfunction and atherosclerotic initiation and development. We demonstrated that combination of both HG and palmitate elevated the expression of ICAM-1 (P ¼ 0.0069, Figure 5A ) and VCAM-1 (P , 0.0001, Figure 5B ) by 3.6-and 12.6-fold, respectively. We showed that IL-18 treatment alone increased the expression of these two adhesion molecules. Interestingly, the addition of rIL-18 exacerbated VCAM-1, but not ICAM-1, surface expression in EC that were exposed to HG and palmitate (P ¼ 0.0462, Figure 5B ). Treatment of BAEC with RBX significantly reduced VCAM-1 cell surface expression in HG + palmitate conditions in the presence of IL-18 (P ¼ 0.0007, Figure 5B ) without affecting significantly ICAM-1 expression ( Figure 5A ). These data indicate that PKC-b activation modulated VCAM-1, but not ICAM-1, expression. Since our data demonstrated that macrophages exposed to HG + palmitate secreted more IL-18 into the media, we evaluated the role of IL-18 from activated monocytes causing elevated VCAM-1 cell surface expression in HG and palmitate conditions. BAECs were treated with HG + palmitate for 18 h. In parallel, media of THP-1 cells treated for 24 h in the presence of HG + palmitate were collected. Following this period, media of THP-1 treated with HG + palmitate were added to EC with or without a specific inhibitor of IL-18 for 6 h. As shown in Figure 5C , EC exposed to THP-1 media, which contained secreted IL-18 and other factors, exhibited elevated VCAM-1 cell surface expression when compared with EC exposed only to HG + palmitate (P ¼ 0.0179). To determine the implication of IL-18 action in VCAM-1 expression in EC exposed to THP-1 media, neutralizing IL-18 mAb was added in the media of monocytes treated with the HG + palmitate condition. Interestingly, neutralizing IL-18 antibody reduced VCAM-1 expression to the level of the HG + palmitate condition (P ¼ 0.0487). These data suggest that IL-18 secreted by monocytes contributed to elevated VCAM-1 cell Figure S4 ), which exacerbated the effects of HG + palmitate on VCAM-1 expression ( Figure 5D ). To verify whether VCAM-1 is regulated by PKC-b activation in vivo, we measured VCAM-1 mRNA expression in aorta of NDM and DM Apoe 2/2 mice. We showed that diabetes up-regulated VCAM-1 expression, which was prevented by the RBX treatment ( Figure 5E ).
PKC-b activation-induced reduction of IL-18BP expression promotes monocyte adhesion on EC
To determine whether the increased expression of VCAM-1 due to the presence of IL-18 in the HG + palmitate condition is sufficient to enhance the adhesion of monocytes on EC contributing to atherosclerotic plaque formation, we performed monocyte adhesion assay on EC.
HG + palmitate exposure significantly induced monocyte adhesion when compared with the NG condition in both BAEC ( Figure 6A ) and HAEC (see Supplementary material online, Figure S5 ). The addition of rIL-18 in the media raised the number of attached monocytes when compared with HG + palmitate alone, suggesting that IL-18 contributed to the increase of monocyte adhesion on EC (P ¼ 0.0001, Figure 6A ). The use of the neutralizing IL-18 antibody, RBX, and PKC-b siRNA treatment significantly prevented monocyte adhesion on EC by 81, 74, and 64%, respectively, compared with the HG + palmitate + rIL-18 condition.
Discussion
Atherosclerosis is one such clinical manifestation of pro-inflammatory state associated with the vasculature. The exact mechanism by which metabolic stress induces the pro-inflammatory milieu and promotes advanced atherogenesis in the context of diabetes remains elusive. Many biochemical pathways have been proposed to link hyperglycaemia and accelerated atherosclerosis including PKC activation. In the present study, we demonstrated that accelerated atherosclerosis and plaque complexity in DM Apoe 2/2 mice were significantly reduced by a treatment with a selective PKC-b inhibitor. Moreover, we uncovered a new mechanism by which PKC-b decreased IL-18BP expression in EC which enhanced IL-18 action leading to increase surface expression of VCAM-1 in EC causing monocyte adhesion, macrophage infiltration, and atherosclerotic plaque formation in diabetes. Among the different isoforms of PKC, PKC-b has been recognized to play a major role in endothelial dysfunction of vascular tissues that are affected by diabetes including the retina, the kidney, and peripheral vessels. Not surprisingly, the use of a selective PKC-b inhibitor to treat vascular complications has been studied 29 and showed positive effects to prevent retinopathy and nephropathy in DM animal models as well as to preserve visual acuity in DM patients. 30 -32 Yang's group has recently published that both lack of PKC-b gene and RBX treatment reduced atherosclerotic plaque formation in DM apoE-deficient mice, mainly affecting macrophage ability to promote Egr-1, chemokine (C -C motif) ligand 2, and IL-1b expression. 12 However, potential benefit of RBX treatment on EC in a context of diabetes was not reported.
In our study, we demonstrated that inhibition of PKC-b restored IL-18BP expression in the aorta preventing macrophage infiltration and advanced atherosclerosis. Interestingly, we have reported that overexpression of PKC-b, specifically in EC, in the absence of diabetes reduced insulin- stimulated Akt/endothelial nitric oxide synthase activation causing endothelial dysfunction and atherosclerosis. 33 Overall, previous and present data suggest that PKC-b isoform is involved in endothelial and macrophage dysfunction in diabetes. Chronic inflammation is the hallmark of atherosclerosis and epidemiology studies showed strong correlation between inflammatory markers and severity or risk of cardiovascular diseases. 2 ILs are considered to be a key factor in the induction and development of chronic vascular inflammatory response. ILs such as IL-1, IL-6, and IL-17 are known to contribute to atherosclerosis. 34, 35 However, even if serum IL-6 is significantly associated with cardiovascular risk, it did not substantially improve risk prediction above traditional risk factors in a DM cohort. 36 Among the plethora of IL, high serum levels of IL-18 have been related with the metabolic syndrome, obesity, type 2 diabetes, and their consequences. 37, 38 Two studies have shown that high risk of diabetes correlated with elevated serum levels of IL-18. 18, 22 Li and collaborators demonstrated that a single intravenous dose of IL-18BP significantly decreased arterial neointimal hyperplasia, improved lumen-to-artery ratio after balloon injury, and prevented arteriosclerotic progression. 27 Our data suggest that the IL-18/IL-18BP pathway is de-regulated in the aorta of DM mouse model of atherosclerosis. DM Apoe 2/2 mice exhibited high plasmatic levels of IL-18. Moreover, we observed that level of IL-18BP expression is significantly reduced in aorta correlating with increased plaque deposition in the arterial wall. Interestingly, the importance of sufficient amount of IL-18BP expression has been demonstrated to be a key factor in other pathogenesis. For example, pathologies such as the WG and SLE exhibit elevated expression of both IL-18BP and IL-18, 39 but the level of IL-18BP was not sufficiently high to neutralize IL-18 leading to a net increase in free IL-18 compared with healthy subjects. Although most of the ILs, such as IL-1, IL-6, and IL-8, have been previously reported to be activated by PKC, 6 our study showed for the first time that the reduction of the IL-18 endogenous inhibitor, IL-18BP, in EC exposed to the HG and palmitate condition is regulated by PKC-b activation and inhibition of PKC-b by RBX and siRNA treatment restored the ratio of IL-18/IL-18BP in diabetes. Up-regulation of cellular adhesion molecule expression, such as VCAM-1 and ICAM-1, is essential to allow the recruitment of monocytes from the circulation and their transendothelial migration. Moreover, cell surface expression of VCAM-1 and ICAM-1 can play an important role in endothelial dysfunction, an early step in the development of atherosclerotic plaque. Several clinical studies clearly showed that ICAM-1 and VCAM-1 expression correlated with the degree of atherosclerosis in type 2 DM patients. 40 A previous study has reported that deletion of the Prkcb gene in NDM Apoe 2/2 mice reduced VCAM-1 expression in ECs and lowered atherosclerosis, compared with Apoe 2/2 mice. 11 Our results indicate that the PKC-b inhibition prevented IL-18 actions on VCAM-1 expression, probably as a consequence of the reestablishment of IL-18BP expression in EC treated with RBX and siRNA. These data unrevealed a new pathway by which PKC-b activation contributes to EC dysfunction. In contrast, surface expression ICAM-1 was not affected by the addition of IL-18 when ECs were exposed to the HG and palmitate condition. Furthermore, we found that RBX treatment did not modulate ICAM-1 expression, suggesting that IL-18/IL-18BP deregulation did not influence ICAM-1 expression. Although expression of both VCAM-1 and ICAM-1 is up-regulated in atherosclerotic lesion, Cybulsky et al. 41 reported that VCAM-1 plays a dominant role in the initiation of atherosclerosis.
One of the consequences of IL-18/IL-18BP deregulation is the increase of vascular inflammation and remodelling. VCAM-1 plays an important role in regulating the binding of leukocytes to EC, and its reduction can attenuate the development of atherosclerosis. Our study demonstrated that disruption in the equilibrium between IL-18 and IL-18BP expression resulted in elevated expression of VCAM-1. A previous study reported that IL-18 increased VCAM-1 expression in EC independently of IFN-g in the metastatic process. 42 To specifically evaluate IL-18 effect on VCAM-1 expression, we exposed EC with media of monocytes treated in HG and palmitate conditions in the presence of neutralizing antibody against IL-18 or RBX. Our data indicated that IL-18 neutralizing antibody, RBX, and PKC-b siRNA treatment reduced cell surface expression of VCAM-1 induced by HG, palmitate, and IL-18 conditions preventing adherence of monocytes on EC. Monocyte adhesion in EC stimulated with the rIL-18 is abolished with RBX and PKC-b siRNA treatment and neutralizing antibody of IL-18. Our data suggest that IL-18 participated to monocyte activity and EC dysfunction which can be inhibited by PKC-b inhibitor and siRNA. The pro-atherogenic ability of IL-18 has been shown in vivo in a rat model with the metabolic syndrome where IL-18 overexpression has aggravated insulin resistance, increased vascular inflammation, and promoted remodelling by enhancing infiltration of macrophages and medial thickness in the aortic wall. 43 IL-18 is not the only cytokine secreted by macrophages.
Another study has shown that HG and palmitate stimulation increased IL-1 and monocyte chemoattractant protein-1 expression in THP-1 cells. 44 According to our results, PKC-b inhibition did not completely prevented monocyte adhesion, suggesting that PKC-b may not regulate all ILs and cytokines involved in monocyte attachment and potentially other PKC isoforms or other glucose and lipid metabolites may contribute to monocyte adhesion and atherosclerosis in diabetes. In summary, our results showed a novel mechanism by which PKC-b activation reduces IL-18BP expression causing endothelial dysfunction, monocyte adhesion, and accelerated atherosclerosis in DM Apoe 2/2 mice fed with HF diet. Our study provides a new insight of the molecular mechanisms of endothelial dysfunction caused by IL-18/IL-18BP de-regulation induced by PKC-b activation in diabetes. The inhibition of PKC-b and potentially IL-18 could be served as possible strategies for the prevention of accelerated atherosclerosis in diabetes.
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